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(57) ABSTRACT

A method for punching and straightening sheet metal in a
punching machine includes the steps that a die is accommo-
dated in a first tool holder of a punching machine, an upper
tool part with a stamp is accommodated in a second tool
holder, and a sheet metal is positioned between the stamp and
the die at a location to be machined. The stamp comprises an
end face at an end opposite to an accommodated end of the
upper tool part, wherein a bevel has an angle and a height
extending from a rim of the face to the end face. Then, a
punching operation is performed by the stamp, wherein radial
forces are simultaneously applied to the sheet metal during
cutting so that an evenness of the sheet metal is maintained
even at high grades of punching.

7 Claims, 4 Drawing Sheets

i

——TTN

ks

A0

IS




US 9,266,163 B2

Sheet 1 of 4

Feb. 23, 2016

U.S. Patent




U.S. Patent Feb. 23,2016 Sheet 2 of 4 US 9,266,163 B2




U.S. Patent Feb. 23,2016 Sheet 3 of 4 US 9,266,163 B2

7

%/&Cgkgét




U.S. Patent Feb. 23,2016 Sheet 4 of 4 US 9,266,163 B2




US 9,266,163 B2

1
PUNCHING SHEET METAL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119(a)to
EP 11 169497.2, filed on Jun. 10, 2011, the entire contents of
which are incorporated herein by reference.

TECHNICAL FIELD

The invention relates to punching sheet metal.

BACKGROUND

When punching sheet metal in punching machines, orifices
are punched in the sheet metal. Therefore, the sheet metal is
pushed in an orifice of a die by means of a stamp. The contour
of'the stamp corresponds to the contour of the die. In order to
create a clearance, the orifice of the die is circumferentially
larger than the dimensions of the stamp by a few decimilli-
meters. Thereby, in the initial phase of the stamping opera-
tion, the sheet metal is pushed into the die so that it deforms
and tensile stress occurs at the upper surface of the sheet
metal. Further, when viewed in cross-section, the upper
region of a punching is cut or sheered by sheering forces
between the stamp and the die and, finally, the lower portion
breaks out due to the reduced carrying cross-section. The
tensile stress initially brought in by the deformation is main-
tained in the sheet metal so that the whole metal sheet or
individual portions of the sheet metal are deformed dependent
on the size and the number of the punchings. The outer
regions of the metal sheet or of the individual portions of the
sheet metal except the regions where the sheet metal is
clamped fixedly are upwardly bent by the tensile stress. This
leads to inaccuracies during further processing and to
increased wear of the tool.

The situation can be improved by specifically grinded dies
and by the use of an active stripper forcing the sheet metal
downward against the die, however, such possibilities are
restricted in the case of elongated hole-like tools where no
convexity is possible on the die. Furthermore, grinding in a
convex manner is only possible in specific cylindrical grinder
machines which render the production elaborate and costly.
In addition to that, the use of the die grinded in the convex
manner is only possible up to a certain grade of punching.

Furthermore, there is the possibility to machine the sheet
metal on specific straightening machines in order to restore an
evenness of the sheet metals. In these straightening machines,
the bent sheet metal is rendered strainless by repeatedly
reshaping the sheet metal by means of an arrangement of
multiple rollers. Thereby, the sheet is bent in the opposite
direction during the movement across the rollers again and
again. By such multiple bending of the sheet metal, stresses
are removed therefrom and an even, strain-less sheet metal
can be obtained. However, this processing is costly because
anadditional machine and further process steps are necessary.
Moreover, this processing is not possible on sheet metals on
which remodeling has already been performed in the punch-
ing machine.

SUMMARY

It is an object of the invention to correct deformation of a
metal sheet during punching and to maintain an even shape of
the sheet metal.
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This object and further developments may be achieved by
the various embodiments described herein.

In one embodiment, a die and a stamp complementary to
the die are accommodated, wherein the stamp comprises an
end face and a bevel, wherein a predetermined height of the
bevel lies circumferentially along the rim of the end face
adjacent to the end face, so that the evenness of the sheet metal
may be maintained.

By providing the bevel, the clearance between the stamp
and the die is larger than with a conventional stamp whereby
abend radius of'the orifice to be punched becomes larger and
additional stresses are brought into the sheet metal when the
stamp impinges on the sheet metal. Due to the bevel, radial
forces are brought into the sheet metal when the stamp pen-
etrates into the sheet metal. The radial forces are suitable for
counteracting the stresses in the sheet metal, in particular, in
perforated sheet metal plates with a high grade of punching.

The details of one or more embodiments of the invention
are set forth in the accompanying drawings and the descrip-
tion below. Other features, objects, and advantages of the
invention will be apparent from the description and drawings,
and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a punching machine;

FIG. 2 shows a punching tool of the punching machine of
FIG. 1,

FIG. 3a shows a stamp of the punching tool of FIG. 2; and

FIG. 356 is an enlarged view of a portion of the end of the
stamp of FIG. 3a, in side view.

FIG. 4a shows a cross-sectional view of the stamp of FIG.
3a contacting a top surface of sheet metal.

FIG. 45 shows a cross-sectional view of the stamp of FIG.
3a imprinting the top surface of the sheet metal of FIG. 4a.

FIG. 4¢ shows a cross-sectional view of the stamp of FIG.
3a cutting the sheet metal of FIG. 4a.

DETAILED DESCRIPTION

In FIG. 1, a punching machine 1 with a punching tool
according to the invention is illustrated. A C-frame 2 is a
substantial component to the punching machine 1. The
C-frame 2 is made of a torsionally stift welded construction of
steel. Alternatively, the frame may be constructed in another
manner.

At the rear end of the C-frame 2, a hydraulic power unit 3
that hydraulically drives a plunger 4 by means of a plunger
controller 5 is provided.

The punching machine comprises an axis 6 constituting the
center axis of a lower first tool holder 7 and of the plunger 4
with the upper second tool holder 30. The first tool holder 7 is
provided on the lower inner side of the C-frame 2 for accom-
modating a lower tool part 17 of the punching tool. The first
tool holder 7 is rotatable by means of a rotary drive (not
shown) and it is lockable in any arbitrary angular position.
Furthermore, the first tool holder 7 comprises a drive 8 that
moves the first tool holder 7 upwardly and downwardly along
the axis 6. The drive 8 may be controlled such that it may stop
at any arbitrary position within its stroke and, then, it may
move forward or backward.

The plunger 4 is provided on the upper inner side of the
C-frame 2. The plunger 4 with the second tool holder 30
accommodates an upper tool part 16 of the punching tool in a
form-fit and backlash-free manner. The plunger 4 is also
rotatable and it may also be locked in any arbitrary angular
position. Therefore, a second rotary drive (not shown) exists.
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Controlled by the plunger controller 5, the plunger 4 may also
be stopped at any arbitrary position within its stroke along the
axis 6 and may subsequently be moved further upwardly or
downwardly.

The actuators, such as the rotary drives, the plunger con-
troller 5, and the drive 8 of the first tool holder 7 are controlled
by a machine control device (not shown) provided in a sepa-
rate electric cabinet (not shown). Furthermore, the drives for
moving a sheet metal plate 15 and actuators for specific
functions are controlled by a machine control device. The
control device comprises a keyboard and a monitor as input
and output means. The control functions are performed by
means of micro controllers. Machining programs and opera-
tion parameters are stored in a storing portion of the control
device.

Atthe lower inner side of the C-frame 2, a table 9 compris-
ing a cross rail 10 with a tool magazine 11 is arranged. At the
cross rail 10, clamping claws 12 for adhering the sheet metal
15 are arranged. The clamping claws 12 may be fixed at
suitable position on the cross rail and they may be relocated
such that the sheet metal 15 is held safely but the sheet metal
15 is not gripped at a location to be machined. In the tool
magazine 11, multiple (here: three) tool holders 13 exist for
multiple (here: two) punching tools 14.

In operation, the table 9, together with the cross rail 10 at
which the clamping claws 12 hold the sheet metal fixed rela-
tive to the cross rail 10, move in a Y-direction in a pro-
grammed position and the cross rail 10 moves in an X-direc-
tion in the programmed position whereby the sheet metal 15
slides over the table 9. Then, the plunger 4 carries out a
punching stroke. Subsequently, the next punching position is
approached according to the same principle.

In FIG. 2, a punching tool 14 comprising a die 17 as a lower
tool part and the upper tool part 16 is shown. The upper tool
part 16 comprises a shaft 18 formed such that it may be
accommodated in a form-fit and backlash-free manner in the
second tool holder 30. At the end of the upper tool part 16,
opposite to the shaft 18, the upper tool part 16 comprises a
stamp 19.

The die 17 is formed such that it may be accommodated in
a form-fit and backlash-free manner in the lower, first tool
holder 7. The die 17 comprises an orifice 20 formed such that
a desired punching may be punched out of the sheet metal 15.
The orifice 20 is complementary to the stamp 19.

The upper tool part 16 and the die 17 have a common axis
29.

Between the stamp 19 and the orifice 20, a gap of a few
decimillimeters, which is denoted as a clearance, is provided
radially circumferentially.

In an alternative embodiment, the upper tool part 16 may be
accommodated in the lower first tool holder 7 and the die 17
may be accommodated in the upper second tool holder 30.

FIG. 3a shows a perspective view of the upper tool part 16
and FIG. 34 is an enlarged view of a portion of the end of the
stamp 19 viewed from the viewing direction A. At an end
opposite to the shaft 18, the upper tool part 16 comprises an
end face 21. Adjacent to the end face 21, a bevel 22 is provided
circumferentially along a rim 28. Subsequent to the bevel 22,
the stamp 19 comprises a side face 23. Between the side face
23 and the bevel 22, an angle . of the bevel 22 is formed. The
distance between the end face 21 and an edge 24 forming the
transition between the bevel 22 and the side face 23 define a
height H of the bevel 22. Subsequent to the stamp 19 in a
direction toward the shaft 18, a collar is provided, wherein,
between the stamp 19 and the collar 26, a transition 25 having
a radius is formed. The collar 26 comprises a recess 27. The
design of the collar 26 is chosen such that, dependent on the
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embodiment, the upper tool part 16 may be accommodated in
the first tool holder 7 or in the second tool holder 30.

Coming from the axis 29 in the same direction, the radial
distance between the axis 29 and rim 28 is smaller than the
radial distance between the axis 29 and the side face 23 due to
the bevel 22. The distance between the axis 29 and the side
face 23 is chosen circumferentially such that a first suitable
clearance results between the side face 23 and the wall of the
orifice 20 of the die 17 (FIG. 2). Compared to the first clear-
ance at the end of the stamp 19, a second clearance between
the bevel 22 and the orifice wall 20 decreases as the stamp
moves into the die, due to the bevel 22.

In operation, the die 17 is accommodated in the first tool
holder 7. The upper tool part 16 is accommodated in the
second tool holder 30. Dependent on the case of application,
the possibility is also alternatively given that the die is accom-
modated in the second tool holder 30 and that the upper tool
part 16 is accommodated in the first tool holder 7. Subse-
quently, the sheet metal 15 is inserted between the stamp 19
and the die 17 by an appropriate device. The sheet metal 15 is
positioned such that a desired orifice may be made in the sheet
metal 15 at a desired location. Subsequently, the upper tool
part 16 moves downwardly and the desired orifice in the sheet
metal 15 is produced.

As described above, deformations of the sheet metal 15
occur due to the applied stresses.

By the enlarged second clearance between the stamp 19
and the die 17, compared to the first clearance, a bend radius
of'the sheet metal along the orifice to be punched increases as
the sheet metal 15 is pushed in by the end face 21. During the
penetration of the stamp 19 into the sheet metal 15, the sheet
metal is cut by the rim 28, and then it is separated and radial
forces are simultaneously applied to the sheet metal 15 by the
bevel 22 having the angle a. Due to the radial forces, com-
pressive stresses occur in the vicinity of the orifices to be
punched. Therefore, a better distribution of the stress is cre-
ated in the sheet metal. By balancing the stresses in the sheet
metal, almost even sheet metals with punched orifices are
produced. Accordingly, a method of straightening is per-
formed effectively during punching.

FIGS. 4a-4c¢ illustrate a method of punching a hole in sheet
metal 15. Prior to performing the punching operation, the die
17 is secured to the first tool holder 7, the stamp 19 is secured
to the second tool holder 30, and the sheet metal 15 is inserted
between the stamp 19 and the die 17. Referring particularly to
FIG. 4a, the stamp 19 is driven downwardly to a top surface of
the sheet metal 15. As shown in FIG. 44, as the stamp 19 is
driven downwardly further, the end face 21 of the stamp 19
imprints the top surface of the sheet metal 15, causing a bend
radius R to form in the top surface of the sheet metal 15. As
shown in FIG. 4¢, further downward movement of the stamp
19 causes the end face 21 of the stamp 19 to cut the sheet metal
15, while the bevel 22 applies radial forces F to an edge of the
remaining sheet metal 15. A cut portion of the sheet metal 15
is released within the orifice 20 of the die 17.

The magnitude of the applied radial forces F may be modi-
fied by an adjustment of the stamp 19. The larger the angle @
of'the bevel 22, the higher the magnitude of the applied radial
forces F. In the present embodiment, the angle a of the bevel
22 is 30°. Good results in view of the evenness of the sheet
metal 15 are also achieved with the angle o of the bevel 22 in
a range between 15° and 45°. A punching tool 14 having the
angle a of the bevel 22 between 25° and 35° is alternatively
more favorable.

A further parameter having some influence on the result of
machining is the height H of'the bevel 22. The height H of the
bevel 22 results from the angle a of the bevel 22 and the
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distance between the axis 29 and the rim 28. The angle o of
the bevel 22 is circumferentially constant. The height H of the
bevel 22 is determined depending on different operation
parameters. The parameters include the tensile strength of the
sheet metal 15, the thickness of the sheet metal 15, the shape
of the end face 21, and/or the contour of the rim 28, and
therefore, the shape of the punching. In principle, the height H
ofthe bevel 22 is increased as the thickness of the sheet metal
increases. The height H of the bevel 22 may be increased as
the tensile strength of the material of the sheet metal
increases. Concerning the shape of the end face 21, the height
H ofthe bevel 22 is ascertained in view of a good evenness of
the sheet metal 15.

In an alternate embodiment, in addition to the use of the
stamp 19 with the bevel 22, the first tool holder 7 accommo-
dating the die 17 is moved upwardly whereby the sheet metal
15 is bent upwardly by the die 17 and deformed plastically
thereby. In another alternate embodiment, the sheet metal 15
is pushed against a stripper having stiff outer regions as well
as elastic inner regions. In the elastic region of the stripper, the
sheet metal 15 is upwardly and plastically deformed.

A grade of punching indicates a relationship between the
area of punched orifices and the area of the remaining mate-
rial of the sheet metal 15 in a certain portion. The more
orifices are punched or the larger the orifices are, the larger is
the grade of punching in a certain portion of the sheet metal.
The larger the grade of punching, the farther the die 17 should
be moved upwardly in order to improve evenness of the sheet
metal 15. The shape of the end face 21 also influences the
distance that the die 17 is moved upwardly. By these mea-
sures, the evenness of the metal sheet may also be maintained
even with grades of punching of up to about 40% to 50%.

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the following claims.

What is claimed is:

1. A method of punching sheet metal in a punching
machine, the method comprising:

accommodating a die in a first tool holder of the punching

machine;

accommodating a stamp, complementary to the die, in a

second tool holder of the punching machine, wherein the
stamp comprises an end face defining a rim and a bevel
extending between the end face and a side wall of the
stamp;
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inserting a metal sheet to be stamped between the stamp

and the die;

punching the metal sheet, the punching comprising:

imprinting a surface of the metal sheet with the end face
of'the stamp in a first phase of a punching stroke ofthe
second tool holder, thereby creating a bend in the
metal sheet between the end face of the stamp and an
adjacent edge of the die, the bend defining a bend
radius,

cutting the metal sheet with the rim of the end face in a
second phase of the punching stroke of'the second tool
holder, to form a cut edge of the metal sheet that
defines an orifice in the metal sheet, and

applying a lateral force to the cut edge of the metal sheet
with the bevel; and

moving the first tool holder toward the metal sheet, such

that the metal sheet is bent and thereby deformed plas-
tically by the die,

wherein a grade of punching is determined based on a ratio

of an area of punched orifices in a portion of the metal
sheet to an area of material remaining in the portion of
the metal sheet, and

wherein, during movement of the first tool holder toward

the metal sheet, the first tool holder is moved toward the
metal sheet by a distance determined as a function of the
grade of punching, the distance increasing as the grade
of punching increases.

2. The method of claim 1, wherein the distance is further
determined as a function of the shape of the end face of the
stamp.

3. The method of claim 1, further comprising securing the
metal sheet to a clamping member of the punching machine.

4. The method of claim 3, further comprising positioning
the clamping member such that the metal sheet is positioned
at a desired location relative to the stamp and the die.

5. The method of claim 1, further comprising accommo-
dating the die in the second tool holder of the punching
machine.

6. The method of claim 1, further comprising accommo-
dating the stamp in the first tool holder of the punching
machine.

7. The method of claim 1, wherein the grade of punching
increases as a number of the punched orifices in the portion of
the metal sheet increases or as the area of the punched orifices
in the portion of the metal sheet increases.

#* #* #* #* #*
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